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SUMMARY 


The  Power  Management  Valve  (PMV)  has  been  examined  pre¬ 
viously  for  possible  application  to  the  Air  Cushion  Barge 
(ACB)  developed  by  MERADCOM.  Laboratory  testing  of  a  small- 
scale  valve  was  recommended  in  order  to  validate  the  theory 
developed  during  the  earlier  investigation. 

Using  dimensional  analysis,  the  design  characteristics 
of  a  one-quarter  scale  model  of  the  valve  as  proposed  for  the 
ACB  were  developed.  Design  values  for  the  spring  constant  and 
damping  coefficient  were  calculated,  using  the  criterion  of 
a  natural  frequency  equal  to  zero.  However,  neither  the  anal¬ 
ysis  nor  the  original  test  proposal  had  considered  the  leakage, 
or  feedback,  flow  area,  as  a  variable.  In  order  to  include 
this  as  a  parameter  in  the  test  device,  it  was  necessary  to 
provide  complete  sealing  of  the  PMV,  with  a  separate,  adjusta¬ 
ble  feedback  flow  area.  As  a  result,  the  equation  of  motion 
does  not  apply  to  the  dynamic  system  that  was  built  and  tested. 

Although  there  was  no  direct  correlation  between  the 
results  of  model  testing  and  the  full-scale  equation  of  motion, 
the  testing  demonstrated  successful  operation  of  the  valve. 

It  was  concluded  that  the  valve  will  function,  as  proposed,  as 
a  passive,  automatic  shut-off  device.  It  also  was  concluded 
that  the  design  values  for  spring  constant  and  damping  coeffi¬ 
cient  appropriate  for  a  full-scale  installation  could  not  be 
established  by  the  test  of  a  single  valve.  Further,  demonstra¬ 
tion  of  the  adequacy  of  the  dynamic  behavior  of  the  valve  can¬ 
not  be  demonstrated  independent  of  the  barge.  It  is  recommended 
that  a  large-scale  model  of  four  jupes  with  individual  PMV's 
and  a  common  air  supply  be  tested  prior  to  the  development  of 
PMV  installation  for  the  ACB. 


PREFACE 

The  laboratory  testing  described  herein  was  performed 
under  Contract  DAAG53-76-C-0042,  sponsored  by  the  U.S.  Army 
Mobility  Equipment  Research  and  Development  Command.  The  test 
program  was  conducted  under  DA  Project  Sea  to  Inland  Logistics 
System,  Air  Cushion  Barge,  Program  Element  6.27.08A,  Project 
Number  IF762607AH67-LA.  The  work  was  performed  under  the 
technical  cognizance  of  Mr.  John  E.  Sargent,  Marine  and  Bridge 
Division.  The  concept  definition  of  the  PMV  for  theACB,  per¬ 
formed  under  Cdhtract  DAAJO2-74-C-0057 ,  is  described  in  Report 
DAAJ02-74-C-0057-001. 


-2 


TABLE  OF  CONTENTS 


/* 

SUMMARY  1 

PREFACE  2 

I  INTRODUCTION  4 

II  THE  PROBLEM  5 

III  INVESTIGATION  7 

3.1  Dimensional  Analysis  7 

3.2  Test  Program  15 

IV  DISCUSSION  .  17 

V  CONCLUSIONS  .  19 

VI  RECOMMENDATIONS  20 

LIST  OF  SYMBOLS  21 

APPENDIX  A  -  TEST  REPORT  23 


SECTION  I 
INTRODUCTION 


This  report  describes  a  program  of  laboratory  testing 
of  a  power  management  valve  (PMV) .  The  PMV  was  examined 
previously  for  possible  application  to  an  air  cushion  barge 
(ACB)  being  developed  by  the  U.  S.  Army  Mobility  Equipment 
Research  and  Development  Command  (MERADCOM) .  The  concept  for 
the  PMV  is  an  outgrowth  of  the  Automatic  Air  Valving  Surface 
Effects  Device  (AAVSED)  which  has  been  investigated  by  Forge 
Aerospace  Inc.  .for  the  U.  S.  Army  and  the  National  Aeronautics 
and  Space  Administration  (NASA) . 

The  present  program  was  undertaken  with  the  specific 
objective  of  validating  by  laboratory  test  the  available 
theoretical  analyses  of  the  PMV.  The  analyses  were  performed 
under  prior  contracts  and  are  reported  in  References  1  and  2. 
The  testing  of  a  scale-model  of  the  PMV  was  considered  a  step 
in  the  development  of  the  concept  necessary  before  undertaking 
the  design  and  demonstration  of  a  full-scale  installation  in 
the  MERADCOM  ACB  or  other  air  cushion  vehicle  (ACV) . 

,  This  report  includes  a  review  of  the  problem  of  loss 
of  lift  by  an  ACV  following  skirt  venting  and  the  potential 
of  the  PMV  to  alleviate  this  problem.  The  determination  of 
the  characteristics  of  a  scale-model  of  the  valve  is  described 
and  the  test  specification  and  test  plan  also  are  presented. 
The  results  of  the  test  program  are  reviewed  and  pertinent 
conclusions  presented.  The  report  also  contains  recommenda¬ 
tions  for  the  further  development  of  the  PMV  concept. 

Ref.  1.  Concept  Definition  of  the  Air  Cushion  Vehicle  Power 

Management  Valve  Concept,  Rept.  DAAJ02-74-C-0057-001 j 
Forge  Aerospace,  Inc.  Washington,  D.  C.  October  1974. 

Ref.  2.  Investigation  of  a  New  Automatic  Air  Valving-  Surface 
Effects  Device  (AAVSED) ,  NASA  CR  114-737,  Forge 
Aerospace,  Inc.,  Washington,  D.  C.,  January  1974. 
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SECTION  II 
THE  PROBLEM 


A  problem  shared  by  all  air-cushion  vehicles  is  the 
loss  of  lift  following  venting  of  a  skirt.  In  certain 
circumstances,  such  as  slow  traverse  over  a  void,  it  may 
not  be  possible  to  pressurize  the  cushion  again  and  the 
vehicle  will  be  unable  to  move  under  its  own  power.  One 
approach  to  the  alleviation  of  this  problem  has  been  the 
subdivision  of  . the  cushion  into  a  number  of  individual 
cells.  However,  there  is  no  assurance  of  success  with  this 
approach,  regardless  of  the  actual  technique.  Unless  there 

4 

is  an  independent  air  supply  for  each  cell,  the  increase 
in  mass  flow  through  the  cell  whose  skirt  has  been  vented 
may  be  sufficient  that  other  cells  can  no  longer  support 
their  share  of  the  weight  and  the  vehicle  will  settle. 

This  possibility  clearly  would  be  minimized  were  there  a 
way  to  shut  off  the  flow  of  air  to  the  vented  cell  and  to 
keep  it  closed  off  until  the  skirt  has  sealed  and  the  cushion 
pressure  can  be  maintained. 

An  experimental  air-cushion  barge  ( ACB)  developed 
by  MERADCOM  has  been  fitted,  in  one  configuration,  as  a 
multicell  vehicle  using  Bertin-type  jupes.  In  this  configu¬ 
ration  four  jupes  are  pressurized  by  each  of  two  blowers. 
Therefore,  the  problem  of  a  large-scale  loss  of  lift  follow¬ 
ing  the  venting  of  only  one  jupe  has  been  encountered. 

A  proposed  solution  to  this  problem  is  the  power 
management  valve  (PMV) .  The  concept  of  this  valve  is  that 
it  remains  open  as  long  as  the  pressure  differential  across 
the  valve  orifice  is  small  and  closes  automatically  when 
the  pressure  differential  becomes  large.  During  a  prior 
research  effort  sponsored  by  MERDC  the  possible  application 
of  the  valve  to  several  configurations  of  the  ACB  were 
investigated  and  one  installation  was  recommended  for  concept 
definition  (Ref.  1).  However,  the  PMV  concept  has  as  yet 
been  demonstrated  in  the  laboratory  in  only  very  small  scale 
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(Ref.  2).  The  work  reported  in  Ref.  1  includes  a  theoreti¬ 
cal  development  of  the  operation  of  the  valve  which,  if 
valid,  can  be  used  in  the  design  of  full-scale  installations. 
It  was  recommended  that  a  program  be  undertaken  with  the 
objective  of  demonstrating  the  valve/jupe  combination. 

As  a  first  step,  the  theory  presented  in  Ref.  1  should  be 
validated  by  appropriate  laboratory  test.  A  full-scale 
system,  designed  in  accordance  with  the  proven  theory  then 
could  be  subjected  to  appropriate  tests  to  demonstrate  and 
further  investigate  the  concept.  The  program  reported 
herein  is  the  first  step  in  the  recommended  program. 


\ 
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SECTION  III 
INVESTIGATION 


3 . I  Dimensional  Analysis 

In  the  prior  investigation  of  the  Power  Management 
Valve  (PMV)  in  association  with  a  multicell  ACV  (Ref.  1) , 
an  approximate  solution  was  developed  for  the  time  history 
of  the  valve  motion.  This  transient  solution  appeared  to 
be  an  acceptable  approximation,  inasmuch  as  the  original 
analysis  of  the  AAVSED  valve  concept  (Ref.  2)  upon  which 
the  transient  analysis  relied  had  correlated  well  with 
experiments.  Nevertheless,  it  was  recognized  that  the 
experimental  steady-state  results  may  not  be  representative 
of  a  dynamic  environment.  Therefore,  it  had  been  recommended 
that  the  dynamic  analysis  be  validated  further  before  the 
solution  was  used  in  the  design  of  full-scale  hardware. 

This  report  describes  the  dynamic  experiments  undertaken 
to  provide  this  validation.  A  full-scale  installation  in 
the  jupes  of  the  Air  Cushion  Barge  ( ACB)  also  having  been 
proposed  in  Ref.  1.,  it  was  appropriate  that  the  preliminary 
experiments  be  conducted  with  a  scale-model  of  the  proposed 
installation. 

The  forces  acting  upon  an  ACV  can  be  related  directly 
to  the  physical  characteristics  of  the  working  fluids  and 
of  the  craft.  These  relationships  are  reviewed  by  Trillo 
(Ref.  3) ,  together  with  the  principles  of  dimensional  analysis. 
From  this  presentation  it  is  possible  to  develop  the  appro¬ 
priate  relationship  between  the  model  and  full-scale  values 
of  each  characteristic.  These  relationships  are  expressed 
in  terms  of  a  dimensionless  scale-factor  S  =  LfS/Lm,  where 
L  is  characteristic  linear  dimension  and  the  subscripts 
refer  to  "full-scale"  and  "model,"  respectively.  For  pur¬ 
poses  of  design  of  a  dynamically  similar  model  of  a  PMV, 
the  followir  relationships  are  pertinent: 

Ref.  3.  R.L.  Trillo,  Marine  Hovercraft  Technology,  United 
States  Naval  Institute,  Annapolis,  MD,  1971. 
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X  -  C  ( 

J.k  *  //vi 

i  %  j  / 

V  =  F../I-. 


In  the  expression  for  Ol)*,  Fq,  and  Fc  are  the  fluid  forces 
acting  upon  the  valve  in  the  open  and  closed  positions, 
respectively.  From  Ref.  2  these  are  described  as 


Fc  =  c<[rr 

4 

F;.  =  Q  tn-r.1  (AT)] 


where 


-  CR/V0  ~  1 

'j  I  (V/\  ) 

=  C  (v\  \ 

A  \V>J  L 


\  +■  %  I,- 


A  (u/l 


=  radius  of  valve  disk 
=  radius  of  valve  orifice 

=  height  of  valve  disk  in  open  position  above 

plane  of  orifice 

=  P  -  P 
u  a 

=  discharge  coefficient  for  the  orifice,  of 
the  form 

c  _  Q  -  : _ 


rr,l(iAr/|o) 


As  suggested  in  Ref.  1  it  is  appropriate  to  specify 

values  for  the  design  parameters  such  that  the  apparent  natural 

frequency  approaches  zero.  As  seen  from  the  definition 
2  ° 

the  design  value  of  the  spring  constant  then  will  be 
given  by 


/ 


\ 


V'c. 

Upon  substitution  of  the  relationships  for  F  and  F  ,  this 

"  C  w 

can  be  expressed  as 

a-P  IjTr^  ('-Sr)! 

From  Ref.  2  the  relationships  for  Fc  and  FQ  are  considered 
realistic  for  R/rQ  *  2.0  and  rQ/hc  =  1.33.  In  the  proposed 
full-scale  installation  (Figure  1)  the  dimensions  are: 

R  =  18  in. 

rQ  *  10  in. 

hc  =  8  in. 

with  the  result  that 

R/ro  =  1.8 

and  rc/hc  *  1,25 

Although  different  than  the  values  used  in  Ref.  2,  they 
do  not  differ  sufficiently  to  render  invalid  the  expressions 
for  the  forces  on  the  valve. 

Using  these  geometric  relations  from  the  proposed 
full-scale  design  the  two  dimensionless  parameters  ot  and  (3 
are  evaluated  as 

c*  =  1.90544 

.  and  (3  =  0.84984C2 

and  the  expression  for  the  design  value  of  the  spring  constant 
becomes 

Kdes  =  r0A  P(7.4826  -  3.3373cj;> 


k 


f/c-’-j 
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The  value  Ch  *  0.72  is  given  by  Ref.  2  as  appropriate  for 
a  sharp-edged  orifice.  However,  with  a  rounded  entry  and 
a  slightly  divergent  duct,  the  coefficient  can  be  as  much 
as  twice  this  value. 

In  selecting  values  for  the  spring  constant  Kdes 
for  purposes  of  test,  it  is  appropriate  to  provide  not  only 
for  possible  variations  in  the  discharge  coefficient,  but 
also  for  variations  in  the  pressure  drop  AP  consistent 
with  the  range  of  gross  weights  of  the  vehicle.  The  total 

footprint  area  of  the  multijoupe  ACB  is  given  in  Ref.  1 

2 

as  385  ft  and  the  range  of  gross  weight  given  is  a  minimum 
of  approximately  20,000  lb  and  a  maximum  of  28,000  lb. 

With  the  assumption  that  the  plenum  pressure  will  be  the 
same  as  the  cushion  pressure  (Pu  =  PL)  the  pressure  drop 
AP  will  be  in  the  range 


20,000  ^  AP/.  28,000 

fr  -  — 153 

or 

52  1  AP  f  73  psf 

and  for  the  proposed  valve  configuration  (rQ  =  10  in.) 

43.3  £  r  APi60.67  lb/ft 
When  this  range  of  values  is  used  together  with 

0.72  -  Ch  iS  1.5 

the  maximum  range  of  values  for  the  spring  constant  is  found 
to  be 

0  '  Kdes  -  350  lb/ft 
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For  purposes  of  test  this  range  is  considered  unreasonably 
large;  one-half  this  range  will  provide  adequately  for  vari¬ 
ations  of  both  the  vehicle  loading  (AP)  and  the  configuration 
of  the  orifice.  Hence,  for  purposes  of  the  test  plan  the 
range  of  values  of  the  spring  constant  is  given  as 

0  £  Kdes  6  175  lb/ft 

The  relationship  for  a  design  value  of  the  damping 
coefficient  is  given  by  Ref.  1  as 


1  /  r-  f 

2  U/-\0 


r‘\ 


f;  /trCR*- v'/) 


where 


Pj  =  design  value  of  impact  pressure  (force  of 
aes  valve  against  the  seat  upon  closing,  per 
unit  valve  seat  area) 


Using  the  characteristic  dimensions  specified  earlier,  this 


relationship  becomes 


X 


O.M5W 


) 


i 

j 


and  since 

C  f  =  1AU 


1.2 'I  If-  (Mr, 


where 


M  =  mass  of  moving  parts  (valve  disk,  spring, 
and  damper) 


Assuming  the  full-scale  valve  disk  to  be  made  of  0.25  in. 
aluminum  plate  and  the  combined  weight  of  the  spring  and  damper 
to  be  one-quarter  the  weight  of  the  disk, 


M  =  1.0  slug  ca  32  lb 


It  is  appropriate  to  specify  that  the  design  value  of  the 
impact  pressure  be  60%  of  the  force  on  the  valve  in  the  open 
position  per  unit  valve  seat  area, 
or 


As  a  result 


and 


0.57/ 


-  I.IVlCu  (AP)': 


As  with  the  spring  constant,  consideration  must  be 
given  to  variations  in  both  the  orifice  coefficient  and 
the  vehicle  loading.  Using  the  same  ranges  of  value,  i.e., 

0.72  6  Ch  £  1.5 
52  6  AP-^73, 

and  evaluating  at  the  extremes, 

Cf  =  5.27  lb-sec/ft 

rdes  min 

and 

C*  =  15.08  lb-sec/ft 

aes  max 

Using  these  relationships  and  the  scale  relationships  derived 
previously,  the  ranges  of  parameters  appropriate  for  a  one- 
quarter  scale  model  can  be  calculated.  Both  full-scale 
and  model  parameters  are  shown  in  Table  3-1.  The  values 
shown  for  the  model  were  presented  in  the  test  plan  as  a 
design  specification  for  the  test  device. 
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3.2  Test  Program 

The  experimental  set  up  and  the  test  program  are 
<-  described  in  detail  in  Appendix  A.  Neither  the  analyses 
nor  the  original  test  plan  had  addressed  adequately  the 
importance  of  the  "leakage"  or  feedback  flow.  For  automatic 
operation  of  the  valve,  the  shut-off  by  the  valve  must  not 
be  complete.  It  is  this  "leakage"  flow  that  permits  the 
pressurization  of  the  cushion,  or  jupe,  to  start  after  the 
skirt  has  resealed.  The  valve  then  reopens  when  the  total 
force  due  to  the  combination  of  the  pressure  on  the  under¬ 
side  of  the  valve  and  the  spring  exceeds  the  closing  force 
on  the  plenum  chamber  side  of  the  valve. 

In  the  earlier  analyses  and  experiments  this  flow 
literally  had  been  leakage  under  the  valve  disk.  In  the 
initial  small-scale  experiments,  the  imperfections  in  the 
mating  surfaces  of  the  disk  and  the  seat  prevented  total 
sealing  and  at  least  a  small  amount  of  air  continued  to 
flow  when  the  valve  was  closed.  Analytically,  good  agree¬ 
ment  with  experimental  data  was  obtained  when  lubrication 
theory  was  used  to  define  the  pressure  profile  below  the 
"closed"  valve. 

However,  in  neither  the  prior  tests  nor  analyses 
was  the  valve  opening  cycle  investigated,  particularly  to 
find  a  relationship  between  the  leakage  area  and  the  opening 
time.  Intuitively  it  was  apparent  that  there  will  be  such 
a  relationship. Similarly,  there  will  be  a  relationship 
between  the  area  and  the  plenum  pressure  for  a  given  value 
of  valve  opening  time.  For  these  reasons  it  was  necessary 
to  include  "feedback"  area  as  a  variable  in  the  test  matrix. 

The  provision  for  variation  of  feedback  consisted 
of  a  4  in.  diameter  hole  in  the  bottom  of  the  plenum,  in 
parallel  with  the  valve  opening.  Sharp  edged  orifices  from 
2  in.  diameter  down  (a  total  of  6  sizes)  were  fitted  over 
this  opening  one  at  a  time.  A  thin  rubber  seal  ring  was 
installed  near  the  outer  edge  of  the  valve  disk  to  assure 
that  all  the  "leakage"  flow  was  through  the  feedback  orifice. 
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In  the  development  of  the  equation  of  motion  of  the 
valve,  the  force  on  the  valve  in  the  closed  position  was 
based  on  lubrication  flow  below  the  disk.  Thus,  the  equa¬ 
tion  does  not  represent  the  configuration,  or  the  operating 
characteristics,  of  the  experimental  device.  For  the  same 
reason  the  design  values  for  the  spring  constant  and  damping 
coefficient  given  in  Table  3-1  are  of  no  direct  significance. 

A  complete  report  of  the  experimental  program  is 
presented  as  Appendix  A.  Included  is  a  description  of  the 
complete  test  device  with  both  drawings  and  photographs. 

The  test  procedure  is  described  in  detail  and  the  test 
results  are  tabulated.  The  opening  and  closing  times  are 
presented  graphically  as  functions  of  the  design  character¬ 
istics  of  the  valve  systems  -  area  ratio,  spring  constant, 
and  damping  coefficient.  The  Appendix  also  contains  some 
general  observations  and  a  brief  discussion.  The  signifi¬ 
cant  results  are  reviewed  and  discussed  further  in  Section 
IV. 


SECTION  IV 
DISCUSSION 

As  noted  in  par.  3-2,  neither  the  earlier  analytical 
investigations  nor  the  test  plan  as  originally  proposed  in¬ 
cluded  the  "feedback"  flow  area  as  a  variable  parameter.  To 
provide  the  required  control  over  this  parameter  in  the  test 
device  it  was  necessary  to  prevent  leakage  past  the  closed 
valve.  As  a  result  the  lubrication  flow  under  the  disk  that 
had  been  postulated  in  the  analysis  could  not  occur.  Inasmuch 
as  the  pressure*  profile  due  to  this  flow  below  the  disk  had 
been  included  in  the  development  of  design  values  for  the 
spring  constant  K  and  the  damping  coefficient  Cf»  there  is  no 
reason  to  expect  the  dynamic  characteristics  of  the  test  de¬ 
vice  to  confirm  the  equation  of  motion.  Nevertheless,  the  test¬ 
ing  did  confirm,  at  least  qualitatively,  the  effect  of  these 
design  parameters. 

Within  the  ranges  of  values  of  all  the  parameters  in 
the  test  matrix,  there  was  found  a  group  for  which  operation 
was  satisfactory.  Satisfactory  operation  means  that  within  a 
short  period  following  venting  of  the  jupe  (opening  of  the  dump 
valve),  the  valve  closes;  and  that  after  the  dump  valve  is 
closed,  the  valve  reopens  without  undue  delay.  Inasmuch  as  the 
range  of  pressures  tested  was  larger  than  is  projected  for  an 
operational  device,  there  remains  no  doubt  that  the  P^IV  can 
be  developed  to  perform  satisfactorily  in  the  ACB  jupe  instal¬ 
lation. 

Because  the  air-supply-fan  pressure/flow  rate  character¬ 
istics  were  not  scaled  directly,  the  test  results  cannot  be 
extrapolated  to  represent  the  dynamic  characteristics  of  the 
valve  in  a  full-scale  installation.  Unfortunately,  even  had 
such  an  extrapolation  been  possible,  there  is  no  objective 
basis  for  evaluation  of  the  adequacy  of  performance.  Specif¬ 
ically,  what  are  the  limits  on  acceptable  response  times  for 
valve  closure  following  jupe  venting,  or  valve  opening  follow¬ 
ing  resealing  of  the  jupe? 
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Among  other  things  the  latter  question  introduces  the 
problem  of  scaling  of  fabric  structures  such  as  ACV  skirts  or 
jupes.  The  materials  commonly  used  are  usually  characterized 
as  being  flexible  and  inelastic.  The  flexibility  is  provided 
by  the  weave;  the  inelasticity  is  only  relative,  but  it  is 
probably  realistic  considering  the  relative  low  pressure  load¬ 
ings.  However,  the  base  material,  be  it  nylon  or  other  cloth, 
must  be  coated  to  make  it  air-tight.  This  coating  does  not 
contribute  significantly  to  the  strength  characteristics,  but 
it  will  affect  the  flexibility.  Further,  the  amount  of  coat¬ 
ing  necessary  to  seal  the  woven  cloth  is  not  necessarily  pro¬ 
portional  directly  to  the  thickness  of  the  base  material. 

Thus,  the  relationships  between  the  weight  and  flexibility 
characteristics  of  coated  cloths  of  different  thicknesses, 
hence  strengths,  will  not  necessarily  be  consistent  with  their 
respective  strengths.  Therefore,  careful  consideration  must 
be  given  to  the  selection  of  flexible  materials  when  dynamic 
similarity  is  required.  However,  the  contribution  of  the  stiff¬ 
ness  and  elasticity  of  the  fabric  structure  of  a  model  commonly 
is  at  most  a  second-order  effect.  Of  much  more  importance  to 
the  reproduction  of  true  dynamic  similarity  is  an  accurate 
reproduction  of  the  pressure/volume-flow-rate  characteristic 
of  the  air  supply  system. 

In  the  particular  case  of  the  ACB,  the  simulation  of  the 
air-supply  characteristic  would  have  required  simulation  of 
the  total  system  upstream  of  the  valve.  This  included  not 
only  the  fan,  but  also  the  ducting  and  the  plenum  structure. 

A  scale  reproduction  of  the  ducting  and  plenum  system 
designed  for  the  ACB  (Ref.  1)  would  not  have  provided  scaled 
flow  conditions  unless  a  fluid  other  than  air  were  used  to 
obtain  Reynolds  number  similarity.  With  a  different  fluid, 
the  pressure/mass-flow  characteristics  would  be  even  ijtore  dif¬ 
ficult  to  reproduce.  For  these  reasons  it  was  not  considered 
necessary,  or  even  advisable,  to  reproduce  the  proposed  full- 
scale  installation  any  more  closely  than  to  scale  the  valve 
itself.  I 
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SECTION  V 
CONCLUSIONS 

<* 

1.  The  Power  Management  Valve  will  function  as  proposed 
in  the  MERADCOM  ACB,  i.e.,  as  a  passive,  automatic,  device  for 
the  shut-off  of  air-flow  into  a  jupe  following  dumping,  or  loss 
of  cushion. 

2.  The  experimental  device  was  not  able  to  provide  true 
dynamic  similarity  with  the  proposed  full-scale  valve.  There¬ 
fore,  design  values  for  the  spring  constant  and  damping  ratio 
most  appropriate  for  a  full-scale  valve  could  not  be  established 
by  this  test  of  a  single  valve. 

3.  Demonstration  of  the  adequacy  and  acceptability  of 
the  dynamic  behavior  valve  cannot  be  accomplished  independent 

of  the  barge.  The  dynamic  behavior  of  the  full  system,  the  mass 
and  inertia  of  the  barge  and  the  air-supply  system  from  fan  to 
jupe,  must  be  examined  with  and  without  the  valve  to  demonstrate 
satisfactory  performance. 
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SECTION  VI 
RECOMMENDATIONS 

Prior  to  installation  of  the  PMV  in  the  ACB  jupe  system 
a  large-scale  model  of  four  jupes  with  a  common  air-supply  duct¬ 
ing  and  individual  PMV's  should  be  tested  to  investigate  the 
dynamics  of  the  complete  system. 
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LIST  OF  SYMBOLS 


A  Area,  ft2 

Aq  Feedback  orifice  area,  ft2 

A^  Inlet  orifice  area,  ft2 

Aq  Pressure  relief  orifice  area,  ft2 

Cf  Damping  coefficient,  lb-sec/ft  or  lb-sec/in. 

Ch  Discharge  coefficient,  dimensionless 

D  Diameter,  in. 

d  Diameter  of  PMV  disk,  in. 

F  Force ,  lb 

Fc  Force  on  PMV  disk  in  closed  position,  lb 

F0  Force  on  PMV  disk  in  open  position,  lb 

h  Vertical  displacement  of  PMV  disk,  ft 

hc  Height  of  PMV  disk  in  open  position,  ft  or  in. 

K  Spring  constant,  lb/ft  or  lb/in. 

L  Characteristic  length  dimension,  ft 

M  Mass,  slug 

m.  Q  Flow  rate  through  feedback  orifice,  dump  valve  open, 

PMV  closed,  cfs 

mic  Flow  rate  into  upper  plenum,  dump  valve  closed,  cfs 

mQj,  Flow  rate  out  of  upper  plenum  relief  orifice,  dump  valve 
closed,  cfs 

moo  Flow  rate  out  of  upper  plenum  relief  orifice,  dump  valve 
open,  cfs 

P  Pressure,  psf 

Pa  Atmospheric  pressure,  psf 

Pj  Impact  pressure  of  PMV  disk  against  seat,  psf 

PL  Lower  plenum  pressure,  dump  valve  closed,  in.  H2O  or  psf 

Po  Upper  plenum  pressure,  dump  valve  open,  PMV  closed,  in. 

H2O  or  psf 

Pu  Upper  plenum  pressure,  dump  valve  closed,  in.  H2O  or  psf 
R  Radius  of  PMV  disk,  in. 

rQ  Radius  of  PMV  orifice,  in. 

S  Scale  factor,  dimensionless 

t  Time,  sec 

tc  Time  for  PMV  to  close  following  opening  of  dump  valve,  sec 
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tf  Time  from  dump  valve  closing  for  lower  plenum  to  reach 

pressure  Pl,  sec 

tQ  Time  from  dump  valve  closing  to  start  of  PM V  opening,  i 
V  Airflow  velocity,  fps 

W  Weight,  lb 

o c  Constant  in  equation  for  Fc/  dimensionless 

(3  Constant  in  equation  for  F0,  dimensionless 

y  Initial  acceleration  of  PMV  disk,  F0/M,  ft/sec2 

A~P  Differential  pressure,  in.  H2O  or  psf 
X  Damping  coefficient,  Cf/2M,  sec~l 
oj  Frequency,  Hz 

u>a  Natural  frequency,  Hz 

Subscripts 


des 

Design 

f  s 

Full  scale 

m 

Model 

max 

Maximum 

min 

Minimum 

Symbols  -  Data  Sheets 


C 

0 


PMV  did  not  close 
PMV  did  not  open 
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1.  OBJECTIVES 


The  experimental  investigation  was  undertaken  to  evaluate 
the  operation  of  a  feed-back  controlled  check  valve  (Power 
Management  Valve,  PMV).  The  general  objectives  as  defined 
in  the  test  pl^in  are: 

-  Provide  information  that  will  help  determine  if 
the  theories  developed  by  Forge  Aerospace  are 
sufficiently  accurate  for  designing  practical 
applications  of  the  PMV  concept. 

-  Develop  a  body  of  empirical  data  to  be  used  in 
extending  the  concept  to  full  scale  designs. 

More  specifically  the  following  items  are  addressed: 

-  Investigate  the  dynamic  behavior  of  a  Power 
Management  Valve. 

-  Evaluate  the  operating  characteristics  of  a 

PMV  under  conditions  that  simulate  the  operation 
of  the  Air  Cushion  Barge  (i.e.,  sudden  cushion 
venting) . 

-  Obtain  measurements  of  design  and  operating 
parameters  of  the  PMV. 
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DESCRIPTION  OF  EXPERIMENTAL  APPARATUS 


\ 

Basic  Test  Cell 

The  general  arrangement  of  the  experimental  cell  is 
schematically  illustrated  in  Figure  1.  Figures  2a  and  2b  are 
photographs  of  the  test  cell  unit  in  the  open  position  and 
with  the  PMV  Test  Element  installed,  respectively. 

The  test  cell  device  consists  of  two  airtight  box-like 

4 

arrangements  fabricated  from  3/4"  marine  plywood.  The  upper 
half  or  upper  plenum  can  be  swung  about  on  a  piano  hinge  to 
reveal  the  test  surface  which  in  turn  forms  the  top  of  the 
lower  plenum  (Figures  354).  This  surface  (3/4"  plywood) 
has  two  openings;  one  to  accept  the  PMV  test  element  and  the 
other  to  allow  insertion  of  various  feedback  orifice  plates. 
The  bottom  of  the  lower  plenum  is  equipped  with  a  solenoid 
operated  dump  valve.  The  valve  is  fabricated  in  two  parts. 

The  fixed  section  is  3/4"  marine  plywood  through  which  twelve 
slots  each  2  x  13  1/2"  are  cut  (Figure  5).  A  moveable  section 
of  1/8"  masonite  similarly  configured  with  perforations,  is 
moved  by  an  air  operated  solenoid  controlled  actuator.  Oper¬ 
ation  of  this  valve  alternatively  closes  and  opens  the  bottom 
of  the  lower  plenum  chamber  of  the  test  cell  (Figures  657). 
This  action  simulates  the  sudden  venting  of  an  ACV  cushion 
system. 
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Figure  1. 


General  Arrangement 


Figure  2a 

* 


Test  Cell  Open  Prior  to  Installation 
of  PMV  Test  Element 
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View  Through  Lower  Plenum,  Dump  Valve  Open 


The  upper  plenum  chamber  is  provided  with  an  air  supply 
via  a  4"  diameter  flexible  duct.  An  industrial  Clements  Co. 


high  energy  blower  is  used  to  provide  air  to  the  test  cell. 
The  blower  in  turn  is  controlled  independently  by  a  standard 
Hewlett-Packard  power  controller  (Figure  8).  The  air  flow 
rate  from  the  blower  is  measured  by  the  use  of  a  standard 

s 

ASME  orifice  meter. 

PMV  Test  Element 

Figure  9  is  a  schematic  of  the  PMV  test  element  and 
Figure  10  illustrates  the  device  just  before  insertion  into 
the  test  cell.  There  are  three  subelements: 

» 

-  Valve  Disk.  The  valve  disk  is  an  eight  inch  (8") 
diameter  x  1/16"  thick  aluminum  sheet  centrally 
supported  by  a  1/4"  diameter  valve  guide  shaft. 

The  shaft  is  directed  concentrically  by  upper 
and  lower  teflon  guide  bearings. 

-  Damper .  The  lower  end  of  the  shaft  is  attached 

to  an  'Airpot'  damper.  The  dashpot  has  provisions 
for  adjustment  of  the  damping  coefficient. 

-  Spring .  The  entire  moveable  assembly,  valve  disk, 
shaft,  and  dashpot  piston  is  suspended  by  means 

of  an  interchangeable  tension  type  spring. 
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Figure  9 . 


P.M.V.  Test  Element 


Schematic 


Spring  Support 


Test  Element 


The  position  of  the  PMV  valve  disk  is  identified  at  two 
points;  maximum  up  or  open  and  fully  closed.  Two  electrical 
contacts  located  at  maximum  up  travel  and  full  down  position 
activate  the  strip  chart  event  marker.  These  two  extreme 
positions  were  used  only  for  the  calibration  of  the  damping 
coefficient  setting  where  the  full  1.45”  stroke  of  the  PMV  was 
employed.  During  the  dynamic  tests  the  PMV  valve  disk  was 
individually  adjusted  each  time  for  a  .75”  stroke  above  the 
full  closed  position.  Thus,  only  the  bottom  contact  activated 
the  recorder  event  marker. 
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TEST  PROGRAM 


\ 


Test  Sequence 

Each  testing  series  was  preceded  by  a  procedure  to 
check  the  level  orientation  of  the  test  cell  and  the  PMV 
test  element.  The  integrity  of  all  seals  and  joints  was 
also  periodically  reviewed.  The  pressure  transducers 
were  calibrated  before  and  after  a  testing  sequence. 

Figure  12  is  a  calibration  chart  for  the  instrumentation 
used.  The  spring  constant  for  the  three  springs  employed 
in  the  test  was  obtained  by  applying  a  known  load  (1/2  and 
1  and  measuring  the  extension.  This  procedure  was 

executed  before  and  after  the  experiments. 

The  damper  was  then  set  at  a  particular  adjustment  and 
the  PMV  test  element  was  installed  in  the  test  cell.  With¬ 
out  the  spring  in  place  the  valve  disk  was  allowed  to  drop 
from  its  maximum  up  (open)  to  its  closed  position,  a  stroke 
distance  of  1.45".  The  time  of  travel  was  recorded  by  the 
event  marker  on  the  strip  chart  which  was  set  at  100  mm/sec. 
This  damper  calibration  procedure  was  executed  at  the  start 
and  end  of  each  damping  coefficient  series. 

A  spring  of  a  known  spring  constant  was  then  installed 
and  the  valve  disk  was  adjusted  to  .75"  above  its  full  closed 


position.  A  feedback  orifice  plate  was  installed  and  the 
test  cell  was  then  closed  and  locked.  The  fan  air  supply 
was  activated.  With  the  dump  valve  closed,  the  pressure 
within  the  test  cell  was  brought  up  to  a  given  value  (4,  6, 

8  ,  in.  H2O)  . 

Activation  of  the  dump  valve  solenoid  opens  the  lower 

plenum  and  vents  it  to  atmosphere.  The  sequence  of  events 

is  il lustrated* in  Figure  11.  The  right  hand  recording  is 

the  pressure  in  the  lower  plenum  and  the  left  channel  is  the 

pressure  trace  in  the  upper  plenum.  At  the  instant  that 

the  dump  valve  opens  pressure  in  both  lower  and  upper  plenums 

drops  rapidly.  From  the  trace  it  appears  that  there  is 

some  overexpansion  and  pressure  wave  resonation  in  the  plenums. 

The  closing  of  the  PMV  valve  disk  is  indicated  by  a  right- 

ward  movement  of  the  left  event  marker.  This  indicates  the 

instant  when  the  valve  has  reached  its  full  closed  position. 

The  time  to  close  t  is  taken  as  the  distance  between  the 

c 

point  when  the  dump  valve  is  opened  and  the  point  where  the 
event  marker  is  activated.  (For  all  tests  the  chart  speed 
is  20  mm/sec.)  Under  certain  parameter  settings  the  PMV 
valve  failed  to  operate  (failed  to  close).  In  this  case 
the  pressures  in  the  upper  and  lower  plenums  would  drop  to 
atmospheric  values. 
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The  reverse  procedure  (PMV  valve  opening)  begins 
with  the  activation  of  the  dump  valve  solenoid  and  the 
resultant  rapid  closure  of  the  dump  valve.  The  pressure 
P^  in  the  lower  plenum  rises.  When  the  lower  plenum  pressure 
is  equal  to  the  upper  plenum  intermediate  pressure  PQ  the 
PMV  valve  disk  is  subject  only  to  forces  resulting  from  the 
damper  and  the' spring.  The  instant  the  valve  disk  breaks 
contact  with  the  valve  seat  is  recorded  by  a  leftward  move¬ 
ment  of  the  left  marker.  The  distance  between  dump  valve 
closing  and  the  event  marker  indent  is  designated  'closing' 
time  t  .  The  distance  between  dump  valve  closure  and  the 
asymptotic  regain  of  the  lower  plenum  pressure  is  designated 
as  'filling'  time  t£.  Again  under  certain  parameter  settings 
the  PMV  valve  disk  fails  to  open.  In  this  case  the  lower 
plenum  pressure  remains  at  atmospheric  and  the  upper  plenum 
pressure  maintains  intermediate  values  PD .  Each  strip  chart 
recording  is  also  inscribed  with  the  damper  series  designator 
(A,  B,  C) ,  spring  rate  designator  (1,  2,  3),  feedback  orifice 
diameter  (2,  1  1/2,  1,  1/2,  1/4,  1/8),  upper  plenum  pressure 
(4,  6,  8),  and  the  manometer  flow  rate  in  H2O".  The  preceding 
sequence  is  then  repeated  for  two  other  upper  plenum  pressures. 


The  test  matrix  is  illustrated  in  Figure  13.  Each  of 
three  damping  coefficients  was  tested  with  three  spring 
rates,  six  feedback  orifices  and  three  upper  plenum  pressures. 
Feedback  orifice  sizes  where  the  PMV  valve  disk  failed  to  close 
or  open  were  neglected. 


TEST  SEQUENCE 


Damper  Coefficient 
(3  Series) 


Spring  Constant 
(3  Series) 


Feedback  Orifice 
(6  Sizes) 


Upper  Plenum  Pressure 
(3  Values) 


Figure  13.  Test  Sequence 
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Where 

m^  =  Flow  rate  through  feedback  orifice,  dump  valve  open, 

PMV  closed,  cfs 

m^0  =  Flow  rate  into  upper  plenum,  dump  valve  open,  cfs 

m  =  Flow  rate  out  of  upper  plenum  relief  orifice,  dump  valve 
oo  _ 

open,  cfs 

2.  Upper  Plenum  Outflow  Rate: 

A.  Dump  valve  closed 

m__  =  CL  •  A  •  V 
oc  h  o 

=  0.89  •  0.10  »  29Vpu  (psf) 

=  0.257VPu(psf)  ,  cfs 

Where 

2 

A  *  Relief  orifice  area  ■  0.010  ft 
o 

\ 
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Cj^  “  Discharge  coefficient  =  0.89 

m  =  Flow  out  of  upper  plenum  relief  orifice,  dump  valve  closed,  cfs 
oc 

V  =  Flow  velocity  ="\/ 2  ,  fps 

=  Upper  plenum  pressure,  dump  valve  closed,  psf 
B.  Dump  valve  open 


=  0.257',  P  (psf),  cfs 
o 

Where 

4 

m  =  Flow  rate  out  of  upper  plenum  relief  orifice,  dump  valve 

OO  z- 

open,  cfs 

p  =  Upper  plenum  pressure,  dump  valve  open,  psf 
o 

3.  Feedback  Orifice  Flow  Rate: 


=  C  »  A  *  V 
DO  h  D 

=  0.62  •  A  •  29~\Tp  (psf) 

D  *  o 

=  17.9  A^Vp  (psf),  cfs 
D  '  o 

Where 


2 

A  =  Feedback  orifice  area,  ft 
D 

C,  =  Discharge  coefficient  =  0.617 
h 


\ 
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4 .  Discussion 
General  Observations 

During  the  operation  of  the  experiment  there  were 
observed  three  classes  of  phenomena  with  respect  to  the 
motion  of  the  PMV  test  element.  On  cycling  of  the  dump 
valve  (open  and  closed)  one  of  the  following  would  occur: 

-  The  PMV  valve  disk  would  fail  to  close.  The 
direct  cause  of  this  was  the  failure  to  establish 
a  sufficiently  large  pressure  difference  across 
the  valve  disk  to  overcome  the  force  generated 

by  the  suspension  spring.  This  in  turn  was  the 
result  of  the  large  air  bleed  rate  through  the 
feedback  orifice.  Failure  to  close  was  experienced, 
as  would  be  expected,  with  the  largest  feedback 
openings.  This  operation  is  indicated  by  a  NC 
on  the  strip  chart  record  and  by  a  C  in  column  1 
of  the  tabulated  data. 

-  The  PMV  valve  disk  would  close  on  the  opening  of 
the  dump  valve  and  then  open  on  dump  valve  closing. 
This  was  the  desired  sequence  of  PMV  operation. 

-  The  PMV  valve  disk  would  close  on  dump  valve  opening 
but  fail  to  open  on  dump  valve  closing.  This  in 
essence  is  the  reverse  of  case  one  above.  The  force 
due  to  the  pressure  difference  across  the  valve  disk 


■/*  is  greater  than  the  force  developed  by  the 

suspension  spring.  Failure  to  open  was  experienced 
with  the  smallest  feedback  hole  sizes.  This  fail¬ 
ure  is  indicated  on  the  strip  chart  record  by  a  NO 
and  by  an  0  in  column  1  of  the  tabulated  data. 

There  then  appears  to  be  a  band  of  feedback  orifice  sizes 
in  which  full  PMV  operation  can  be  maintained.  This  operating 
regime  appears' to  be  sensitive  to  both  the  damping,  coefficient 
and  to  the  spring  rate  of  the  suspension  spring.  In  general, 
the  valve  disk  failed  to  open  when  the  area  ratio  Ar  >  30.  The 
area  ratio  Af  is  defined  as  the  ratio  of  the  valve  disk  flow 
area  irhd  divided  by  the  area  of  the  feedback  orifice. 

Discussion 

The  variables  in  the  subject  experiment  are:  upper  plenum 
pressure  Pu,  lower  plenum  pressure  PL,  intermediate  upper  plenum 
pressure  P0,  area  ratio,  damping  coefficient  Cf ,  spring  rate  K  , 
and  closing  t£  and  opening  tQ  times  respectively.  It  is 
difficult  to  determine  in  what  combinations  or  nond imens iona 1 
form  these  should  be  formulated  in  order  that  they  be  most 
directly  useful  in  future  development  of  the  FMV  concept. 

It  is  apparent  that  the  dominant  parameter  in  the  PMV  valve 
closing  is  the  upper  plenum  pressure  particularly  that  pressure 
(P0)  when  the  lower  plenum  is  vented.  The  relationship  between 
the  area  ratio  Ar  and  the  pressure  ratio  Pr  (defined  as  PU/PQ)  , 
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P0  being  the  upper  plenum  pressure  when  the  dump  valve  is 
opened,  is  illustrated  in  Figure  14  .  For  the  largest  orifice 
diameter  (2")  the  PMV  disk  consistently  closed  only  when  the 
softest  spring  rate  (K3)  was  used.  On  the  otherhand,  the  PMV 
disk  opened  for  the  1/2"  diameter  feedback  orifice  only  when 
the  highest  spring  rates  (K^)  were  used.  It  should  be  noted 
that  spring  rates  required  for  satisfactory  opening  and  closing 
are  counter  to' each  other;  i.e.,  a  soft  spring  for  low  pressure 
closure  and  a  stiff  spring  for  high  pressure  opening.  At  the 
extreme  bypass  orifice  sizes  one  precludes  the  other. 

Figure  15  illustrates  the  relationship  between  1 h e  initial 
upper  plenum  pressure  Pu  and  the  PMV  disk  closing  time  for  the 
softest  spring  rate  K.J.  It  is  observed  that  closure  times  are 
less  sensitive  to  the  area  ratio  A  than  the  damping  coefficient. 
The  negative  slope  of  the  curves  with  respect  to  the  increasing 
upper  plenum  pressure  is  as  would  be  expected. 

Figure  16  relates  closure  times  to  upper  plenum  pressure 
Pu  for  a  constant  area  ratio  Ar  =  10.6.  For  a  given  upper 
plenum  pressure  the  closing  times  are  dominated  by  the  damping 
coefficients  and  to  a  lesser  degree  by  the  suspension  spring 
rates.  For  a  given  damping  coefficient  closing  times  are 
inversely  proportional  to  spring  stiffness. 

Figures  17  and  18  illustrate  the  PMV  disk  opening  time 
frames.  In  the  opening  sequence  the  effects  of  the  various 
parameters  on  the  disk  operation  is  less  clear.  Figure  17  is 
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for  a  constant  spring  rate  Kj  .  It  appears  that  for  a  given 
damping  coefficient  the  dominant  parameter  is  the  area  ratio 
Ar .  In  the  opening  sequence  the  time  actually  represents  the 
lower  plenum  filling  process.  Hence  the  relative  insensitivity 
to  the  damping  coefficient  is  acceptable. 


r 
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APPARATUS  5  INSTRUMENTATION  INFORMATION 
1,  Instrumentation 

(i)  Pressure  Transducers 

Upper  Plehum 

Gould-Statham  Mod  VC2 
fitted  with  0-1  psi  diaphragm 

4 

Lower  Plenum 

Gould-Statham  Mod  VC2 
fitted  with  0-2  psi  diaphragm 

Transducer  Power  Supply 

HP  Mod  6205B 

(ii)  Strip  Chart  Recorder 

Gould/Brush  Mod  280 

2  Channel  plus  event  marker 

(iii)  Air  Supply  Fan 
Clements  Manufacturing  Co. 

Mod  HVU 

(iv)  Damper 
Airpot  Corp. 

Variable  damping  coefficient 
Airpot,  Mod  49863-1 

(v)  Fan  Output  Controller 
Cole/Parmer  Instrument  Co. 


Variac,  Mod  2603 


(vi)  Dump  Valve  Solenoid 


Lehigh  Fluid  Power  Co. 

Mod  549A3S 

Apparatus  Parameters 

(i)  Air  Supply  Flow  Meter 

1.750  diameter  ASME  orifice  plate 
Flow  area  =  .017  ft^ 

Discharge  coefficient  =  0.66 

(ii)  Tension  Springs 

-  Series  1  K  =  1.0  lb/in. 

Series  2  K  =  0.5  lb/in. 

Series  3  K  =  0.18316/in. 

(iii)  Damping  Coefficients 

Series  A  Cf=  0.030  lb-sec/in. 

-  Series  B  =  0.1356  lb-sec/in. 

Series  C  Cf  =  2.148  lb-sec/in. 

(iv)  Valve  Weights  (PMV) 

Valve  Disk  =  130  gms 

Valve  Stem  =  11  gms 

Damper  piston  =  13  gms 

Total  moving  weight  =  .339#£ 

(v)  Valve  flow  areas  (PMV) 

2 

Central  5"  diameter  opening  =  .136  ft 
Valve  parameter  area  =  TTDyh  =  (ttx8x  .  7  5  )  /  1 44 
=  .73  0  ft2 


(vi)  Dump  Valve  Flow  Area 


-  (2"  x  13.5"  x  12  )/ 1 4 4  =  2.25  ft2 

(vii)  Valve  Stroke  (PMV) 

Distance  between  up  (open)  and  full 
down  (closed)  positions  is  .75" 


(viii)  Bypass  Orifice  Diamet ers/ Areas 


- 

2" 

diameter 

= 

.022  ft 

4 

1  1/2" 

If 

= 

.012 

- 

1" 

II 

= 

.  0054 

- 

1/2" 

II 

= 

.  0014 

- 

1/4" 

II 

= 

.  00034 

- 

1/8" 

II 

= 

.00008 

(ix) 

Plenum  Volumes 

- 

Upper 

Plenum  = 

12 . 04 

ft3 

- 

Laver 

Plenum  = 

8.36 

ft3 

(X) 

Nominal  Upper  Plenum 

Pressures 

-  4"  H20 

-  6"  H20 

-  8"  H20 

(  xi)  Upper  Plenum  Relief  Outlet 

-  Flow  area  .010  ft^ 

-  Discharge  coefficient  =  .89 
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